Abstract Memory is an important cognition function, being fundamental to the development and independence of individuals. Our aim was to investigate the influence apolipoprotein E (APOE) and angiotensin I-converting enzyme (ACE) polymorphism and ACE inhibitors use, besides their interaction on memory performance of healthy subjects over 50 years. The sample consisted of 205 subjects assessed for five types of episodic memory, using Wechsler Memory Scale-Revised (WMS-R), who answered a questionnaire about drug use and were assessed for the ACE insertion/ deletion polymorphism and APOE polymorphism. We found no influence of the APOE gene. The use of ACE inhibitors beneficially influenced learning ability scores (p=0.02). Besides, I allele carriers of ACE polymorphism showed higher verbal memory scores compared with homozygous DD. Also, we observed an interaction influencing learning ability between the ACE polymorphism and the use of inhibitors, the beneficial influence of the I allele was present only in individuals who make use of ACE inhibitors. We conclude that the ACE gene has influence on memory performance, and that this influence is modulated by ACE inhibitors use.
Introduction
Memory impairment in the human aging course has high incidence of complaints. The action mechanism of this characteristic is still unclear; however, several genetic and environmental factors are involved in metabolic processes related to cognition (McDougall et al. 2006; Richard et al. 2000) . Age-associated memory impairment (AAMI) was first described in 1986 by Crook et al. at the National Institute of Mental Health (NIMH) and is not regarded as a pathological condition, although there is some controversy that suffering from AAMI increases one's chances of developing dementia (Crook 2006; Goldman and Morris 2001) .
A large number of candidate genes have been reported to be associated with dementia, cognition, and memory. Among these is the apolipoprotein E (APOE) ε4 allele. This gene is located on chromosome 19q13, and the ε4 isoform increases beta amyloid deposition (Rubinsztein 1995) . This allele has been associated with Alzheimer's disease (AD) in a large number of studies (Saunders et al. 1993; Farrer et al. 1997; de Andrade et al. 2000; Jun et al. 2010; Elias-Sonnenschein et al. 2012; Ohara et al. 2012) . Beyond this, this variant has also been associated with cognitive performance and memory by a much smaller number of studies (Schultz et al. 2008; van der Flier et al. 2008; De Blasi et al. 2009 ).
The angiotensin I-converting enzyme (ACE) is considered the key enzyme of the renin-angiotensin system (RAS), promoting the conversion of angiotensin I to angiotensin II. The RAS has an important role in the vascular physiology and pathology and has been associated with stroke and coronary artery disease (Markus et al. 1995; Arbustini et al. 1995) . Besides, this system components act on the brain, working as nonclassical neurotransmitters on different receptors, including those associated with memory and learning, and also has effects on beta-amyloid peptide (Aβ) metabolism and consequently in AD (Mogi et al. 2012) . The ACE gene, located on chromosome 17q23, has a 287-pb insertion (I)/deletion (D) polymorphism which is associated with regulation of the circulating enzyme levels (Rigat et al. 1990 ). Genetic studies relating ACE polymorphism with cognitive or memory impairment remain with inconclusive results. The D allele is associated with higher circulating levels of ACE and frequently is considered a risk factor for dementia, cognitive, and memory decline (Kehoe 2003; Bartrés-Faz et al. 2000 Stewart et al. 2004; Palumbo et al. 1999; Amouyel et al. 1996) . However, the I allele has also been associated with impaired cognition (Gustafson et al. 2010) , while other studies have found no association (Visscher et al. 2003; Liu et al. 2011) .
The use of ACE inhibitors on hypertensive individuals was associated with improved cognitive performance and lower risk of dementia (Croog et al. 1986; Tzourio et al. 2003) , and similar results were found in animal models (Hou et al. 2008) . Research aiming to explain these effects have been reported. While some studies correlate the use of ACE inhibitors with decreased Aβ deposition and ACE, others studies demonstrate that these inhibitors are correlated with increasing of Aβ concentrations and the onset of dementia (Hou et al. 2008; Hemming and Selkoe 2005) . Due to conflicting reports, there is a need to study the ACE mechanisms and better understand its role in cognitive performance.
There are no studies investigating the association/ interaction between ACE polymorphism and the use of ACE inhibitors on memory in healthy individuals. Thus, the aim of our study is to investigate the influence of these factors, as well as their interaction, on memory scores of healthy individuals over 50 years.
Methods

Sample
The sample consists of 205 volunteers with a minimum age of 50 years. The selection of these volunteers followed prior exclusion criteria related to previous history or diagnosis of any neurological diseases type, including Alzheimer's and Parkinson's diseases, as well as brain traumas. After, the volunteers participated in interviews and neuropsychological tests. Those that were using any kind of psychotropic medication or suffering from depression, anxiety, stress, or cognitive impairment, assessed by the tests described below, were also excluded.
Each volunteer answered a questionnaire with general information about health and lifestyle, including drug use, ACE inhibitors and level of schooling, besides hormone replacemente therapy in women. The research project was approved by the Ethics Committee of Universidade Feevale, and all participants received information about the proposal, having signed an informed consent form.
Neuropsychological assessments
Verbal and visual memories were assessed using the Wechsler Memory Scale-Revised (WMS-R). The Rey Auditory-Verbal Learning Test (RAVLT) was used to assess verbal learning with the aim of measuring shortterm verbal memory and the ability to store new information (Malloy-Diniz et al. 2007 ). Thereby, the application of these two instruments enabled the assessment of five memory measurements for each individual studied, and the final data for each test were transformed into standard deviations for the mean value expected in each age, ranging from −4 to +4. According to Crook et al. (1986) , memory deficit is only characterized when the scores values are equal or lower than −1.
The following tests were used to assess the exclusion criteria: (1) For detecting mental disabilities, the subtests of the Wechsler Adult Scale-WAIS-III (Weschler 2004) were applied with the purpose of estimating the IQ of the volunteers and excluding individuals with estimated IQ below 70. (2) The incidence and level of stress were assessed using Lipp's stress inventory for adults (Lipp 2000) , and volunteers that were found to be in the "near exhaustion" and "exhaustion" stages were excluded. (3) In order to exclude individuals suffering from depression or anxiety, the Beck inventory was used (Cunha 2001 ).
Genotyping
Genomic DNA was extracted from whole blood (Lahiri and Nurnberger 1991) and amplified by polymerase chain reaction (PCR). ACE insertion/deletion polymorphism (rs1799752) was detected as previously described by Franken et al. (2004) , and APOE polymorphism (rs429358 and rs7412) according to de Andrade et al. (2000) .
Statistical analysis
Chi-square analysis was used to assess deviation from Hardy-Weinberg equilibrium. The normality of memory scores was tested using the Kolmogorov-Smirnov test, and all three of five classes presented normal distribution in the investigated sample. Besides this, those variables which did not agree with normal distribution (both visual memories) were evaluated for variance homogeneity through Levene's test and had similar variances. Therefore, all five memory classes were after all evaluated through general linear model (or analysis of covariance (ANCOVA)).
Evaluation of genetic polymorphisms and ACE inhibitor influences on memory performance was tested using different general linear models (ANCOVA). All initial models had gender and schooling as covariates. Besides, in APOE model, ACE genotype and ACE inhibitor were also used as covariates. In ACE genotype model, an additional covariate was also APOE genotype, and in ACE inhibitor use model, additional covariates were ACE and APOE genotypes. Gene×gene interaction was tested in the three models, and ACE gene× ACE inhibitor was evaluated in ACE genotype model. In spite of all these variables initially entered in the models, only those variables which contributed to the total R 2 ×100 were maintained in the final models. Therefore, models shown in the "Results" section are those with the highest R 2 ×100, and the covariates maintained in the final model are shown together with each result.
For all these analysis, subjects were grouped in APOE-ε4 carriers and noncarriers, and to the ACE polymorphism, they were grouped according to the presence of INS allele (II/I+versus DD).
The entire statistical analysis was performed using the Statistical Package for the Social Sciences software (SPSS) 20. A p value equal or smaller than 0.05 was considered statistically significant. A p value ≤0.10 for interaction was considered significant according to Isenberg et al. (2010) and Sudore et al. (2009) .
Each one of the five different memories was tested against the three independent variables (ACE gene, ACE inhibitor, and APOE gene), besides the interaction gene×inhibitor that yielded four different tests for each memory. However, correction for multiple comparisons was not done because each one of the statistical tests was done based on previous biological hypothesis. Therefore, a positive association detected would have a very low probability to be random. Table 1 shows the characteristics of the sample studied, which presents the mean age as 64.0±8.08 years. The genotype distribution of ACE and APOE polymorphism agreed with the Hardy-Weinberg equilibrium (p=0.98 and p=0.39, respectively). The frequency of D allele was 49 %, and the frequency of ε4 allele was 12 %.
Results
There were no statistically significant differences in memory scores tested between the genotype groups to APOE polymorphism ( Table 2) . Evaluation of the use of ACE inhibitors has shown that individuals who use inhibitors had higher learning ability scores (p=0.02). However, the performances of verbal and visual memories were not significantly different between groups (Table 2) . It was not possible to detect any gene×gene interaction to these variables.
In order to evaluate the influence of ACE genotype on memory scores and its possible interaction with ACE inhibitors use, ANCOVA, testing the interaction between these two variables, was used (Table 3 ). The evaluation of the scores of each type of memory between the ACE genotypes, when adjusted for gender, schooling, and ε4 allele presence, showed that I allele carriers had higher immediate (p=0.057) and delayed (p=0.063) verbal memory scores, although p values are marginal when compared with D homozygotes (Table 3) . No gene× drug interaction could be seen in these kinds of memories. For learning ability, similar results were found, but an interesting interaction gene×drug could be detected (p=0.058) showing that ACE genotype is very important in the performance of this kind of memory (p=0.015), but that the beneficial influence of I allele is present only in the subjects using ACE inhibitors (Fig. 1) . Any isolated or interaction influence on visual memory could be seen (Table 3) .
Discussion
The memory performance is crucial for normal development and a good quality of life, and its performance declines as consequence of nonpathological human aging. In this study, we examined the effects of ACE on memory, in healthy individuals during aging, comprising the evaluation of insertion/deletion polymorphism and use of inhibitors. The influence of the APOE polymorphism was also studied and inserted in the statistical models. Although we have not found an association to APOE polymorphism, some studies have shown that the ε4 allele is a risk factor for impaired cognitive performance, besides it is the main genetic risk factor for AD (Schultz et al. 2008; van der Flier et al. 2008; De Blasi et al. 2009; Farrer et al. 1997; de Andrade et al. 2000) .
The RAS and its components acts in the brain, and angiotensin II specifically operates on the AT1 receptor, increasing blood pressure and acting as a nonclassical neurotransmitter activating brain neurons (Phillips and de Oliveira 2008) . It is also involved in vascular inflammation, cerebral blood flow, oxidative stress, cellular senescence, and cerebrovascular remodeling (Kazama et al. 2004; Mogi et al. 2012) . In animal models, the role of angiotensin II in memory and cognition is contradictory, but it is suggested that their longterm effects are associated with a worse performance (Mogi et al. 2012) . Another component of RAS system, the angiotensin IV, acts on the AT4 receptor and has been associated with learning and memory, potentiating the release of acetylcholine from the hippocampus (Lee et al. 2001) . Despite these data, the ACE influence on cognition is not fully established, and its role is evaluated in different ways including through the insertion/deletion polymorphism of the ACE gene, which is associated with modulation of ACE plasmatic levels (Rigat et al. 1990 ). The ACE allelic frequencies (49 % to D allele) in our study were similar to others Brazilian samples (Franken et al. 2004; Lucatelli et al. 2011) . Individuals DD homozygotes had worse verbal memory performance compared with carriers I allele. This result is similar to the findings of previously published studies in different populations, where the D allele is associated with higher ACE levels, impaired cognitive performance, dementia, and AD (Kehoe 2003; Bartrés-Faz et al. 2001 Stewart et al. 2004; Palumbo et al. 1999; Amouyel et al. 1996) . On the other side, I allele was also associated with dementia by Gustafson et al. (2010) and Lucatelli et al. (2011) . Considering studies that assessed cognition or memory in healthy individuals, Visscher et al. (2003) and Liu et al. (2011) found no association to the ACE polymorphism. However, Richard et al. (2000) and Stewart et al. (2004) showed that the DD genotype is more frequent in those individuals with impairment cognitive, when others factors, such as APOE polymorphism and age, were included in analyses. The ACE polymorphism has also influenced the cognitive scores in individuals evaluated by the Mini-Mental State Examination, and a combined effect with the presence of at least one ε4 allele was a risk factor for cognitive Fig. 1 Interaction between ACE gene and use of ACE inhibitors on learning ability scores (figure done using Excel software) AGE (2014 AGE ( ) 36:1515 AGE ( -1522 decline (Richard et al. 2000) . Beyond this, an interaction between age and ACE genotype detected by Stewart et al. (2004) showed that with increasing age, the decline in verbal memory was stronger in individuals with the DD genotype. Therefore, when the dataset is inspected together with the present data, it looks like there are more evidences pointing to a deleterious role of D allele on memory in healthy subjects. The evaluation of ACE inhibitors showed that the use of this drug class is beneficial to learning ability (p=0.02, Table 2 ). The results about it, in several studies, remain inconsistent, mainly due to the still-uncertain ACE role. The use of ACE inhibitors, correlated with decreased ACE levels, is related to decreased Aβ deposition (Hou et al. 2008) . However, others studies showed association with increase of Aβ concentrations and earlier onset of dementia (Hemming and Selkoe 2005) . This drug has also been correlated with protection for the development of dementia and AD, probably through direct effects on RAS in the brain (Tzourio et al. 2003; Ohrui et al. 2004) . Despite these conflicting data, other studies have found similar results to ours, when assessing cognition instead of dementia. The use of ACE inhibitors was associated with decreased cognitive decline by Croog et al. (1986) and Hanon et al. (2004) . One of the ways of explaining this kind of inconsistency can be the interaction with genetic variation, which was not tested until now.
Following this hypothesis, our analysis revealed an interaction between ACE genotype and use of ACE inhibitor. The learning ability performance was influenced by these factors, where the influence of I allele was advantageous only in ACE inhibitors users. Therefore, our data suggested that individuals who theoretically have lower ACE levels, because of the use of inhibitor and/or presence of I allele, present a better memory performance. The reason why this interaction was detected for learning ability (evaluated by RAVLT test) but was not detected for visual or verbal memory (evaluated by Wechsler tests) is not clear. The RAVLT method is a more specifically directed method to measure neurological function from the hippocampus (verbal memory), while Wechsler methods measure intellectual capability through a scale directed to the operational memory (Van der Elst et al. 2005) . This difference between methods can be related to our ability in detecting an association with ACE (both gene and inhibitors), once this enzyme has established function exactly in the hippocampus.
Unfortunately, there are no more investigations beyond ours evaluating the interaction between these factors, especially in memory performance, making it impossible to compare our results. Most studies have indicated that high ACE levels or the presence of D allele are associated with higher risk for developing AD, dementia, or cognitive decline. There are few published studies evaluating memory performance during healthy aging and ACE gene, or analyzing the use of ACE inhibitors, but according to the available data and findings of various studies, the ACE has an important role in memory and cognition behavior, both in healthy subjects and in those with any associated pathology. Therefore, the replication of these data in other samples is strongly required one that can be used in the future for primary prevention of aged-associated memory impairment, increasing quality of life in aging.
